This reaction has also been employed in studies involving the S( 3 E) species as a means of producing sulfur monoxide cleanly in its ground
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electronic state. Only two techniques have been used, however, in the previous kinetic studies; (1) discharge flow combined with either
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mass spectrometry or ESR; and (2) steady state photolysis with product analysis." An examination of the previous studies of reaction (1) shows primarily two values for k 1 with a rather large discrepancy between them. 9 The values are (l-2)xlO exp(-5800/RT)cm molec sec reported by Wagner 2 ' 3 and (1.6-3.2)xl0 -1 1 exp(-4500/RT)cm 3 molec -sec-1 reported by Heicklen 6 and Westenberg. 4 The most obvious disagreement lies in the factor of -6 in the A-factor. Also, a difference of 1300 cal./mole in Eact(O+OCS) is outside reasonable experimental error.
A kinetic study of reaction (1) is reported here in-which the flash
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photoylsis-resomnce f1uorescence technique has been utilized with the aim of clarifying the value for k 1 .
EXPERIMENTAL
In the technique used for this kinetic study of reaction (1), atomic oxygen was produced by the flash photolysis of 0 2 . The atom decay was monitored, following the flash, via resonance fluorescence and pulse counting techniques. At the low atom concentrations employed in this method, -1011 cm -3 , the fluorescence signal was directly proportional to the O-atom concentration; thus it was possible to determine bimolecular rate constants directly from the experimental decay curves.
1 0
The experimental apparatus used in the present study is shown schematically in Figure 1 . Essentially, it consisted of a variable temperature cell centered in a vacuum chamber with a spark discharge flash lamp attached at the base of the cell; a microwave discharge "resonance lamp" perpendicular to one face; and a photomultiplier tube perpendicular to another face of the cell. The variable temperature cell is similar to the one described by Kurylo et al. 1 2 Optically flat LiF windows were sealed to ports on all six faces of the reaction cell using silicone rubber 0-rings which were held under compression by screw-down retainer rings. In this cell cooling was accomplished by flowing chilled N 2 through channels within the brass body of the cell. High temperatures were attained by means of nichrome heating wire. The stainless steel tubing used to flow the cooling N 2 and to introduce the gas mixture also served as the mechanical support for the cell and isolated the cell thermally. The temperature was determined using a DORIC thermocouple indicator equipped with a copper-constantan thermocouple attached mechanically to the cell.
The temperature measured by this means was found to be accurate to within + .20C at three temperatures (-97.8, 0.0 and 100.OC) using methanol slush, ice water and boiling water. Control of the temperature at a fixed value was ieadily achieved and fluctuations were normally held to within + .50C.
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The spark discharge flash lamp was of conventional design.
The lamp body was fabricated from a block of polytetrafluoroethylene and solid tungsten tipped electrodes formed the spark gap. The vacuum UV spectral distribution of a flash lamp of similar design has been characterized as continuous with broad emission maxima superimposed. 1 5 In the present system a filter chamber was situated between the lamp body and the reaction cell. This served to facilitate the insertion of various window materials in front of the flash lamp and to protect the LiF window in the base of the vacuum chamber from radiation damage and sputtering of the electrodes. A sapphire window was used on the photoflash throughout this study to preclude the formation of atomic oxygen in the (1S) electronic state. 1 6 High purity N 2 was used as the discharge medium so that high standoff voltages could be achieved. Breakdown in the gas was accomplished either free running at reduced pressure (spontaneous discharge) or by means of a 30 kV trigger pulse. In either case, the duration of the discharge was about 1 psec and control of the discharge voltage was good to + 10% over the range of 2 to 15 kV. With a 4.5 14F capacitor, this corresponded to discharge energies (E = 1/2 CV 2 ) of 9-506 joules. However, the discharge is not efficient in the production of short wavelength light and window transmission losses coupled with a geometrical factor of -2xlO -3 further reduced the amount of useful vacuum UV radiation generated by the flash. Using the formation of acetylene from the photolysis of ethylene as an actinometer ( C 2 H2=1) 1 7 , the photon flux incident on the reaction cell from the flash lamp was estimated to be -2x10 1 2 photons/cm 2 /flash (14Onm < x < 180nm) at a discharge energy of 56 J.
The microwave discharge "resonance lamp" used in this study was a flow type, 1 8 operating at a pressure of about 1 Torr and using an since it was not resonantly scattered, but it did contribute to the overall (wall) scattered light signal. Thus, the O-atom signal-to-noise ratio was improved slightly by using a CaF 2 filter in front of the resonance lamp to exclude radiation below about 122nm. In the experiments performed in this study, atomic oxygen was generated in the central portion of the reaction cell in an excess of both added reactant, OCS, and the source compound, 02. In addition to reaction with OCS, therefore, 0-atoms were lost by reaction with 0O,
as well as by diffusion out of the reaction sampling zone (defined by the intersection of the beams from the flash lamp and the resonance lamp subtended on the photomultiplier). Since both the 02 pressure and the inert gas pressure (M) were large compared to that of atomic oxygen, the decay of O-atoms due to reaction (2) is given by
The rate of diffusion also follows a first order law", and for this process,
where the "rate constant", Kd, depends on the total pressure, the temperature, and the type of inert gas. Combining equations I and II with the loss rate for reaction (1),
yields an expension for the observed atom decay,
was determined experimentally by measuring the decay rate in gas mixtures that did not contain the reactant, OCS.
Linear and semi-logarithmic plots of typical atom decays for "diffusion" and reaction are shown in Figures 2 and 3 . The semi-logarithmic plots clearly illustrate that the decays are first order over at least two decay times, T. In general, analysis of the data was accomplished using a linearized least squares computation run on an IBM 1800 computer. This procedure yielded psendo-first order rate constants, K,
where K* was the diffusion + 0 decay rate,
The bimolecular rate constant, kj, was thus derived using equation VI,
The linear variation of the fluorescence signal with atom concentration is demonstrated in Figure 4 where the initial fluorescence count rate (count rate extrapolated to zero time) is plotted as a function of the flash energy.
Gas reaction mixtures were prepared in a glass gas handling sys- 
Results and Discussion
The rate data obtained in the present study of reaction (1) are given in Tables 1 and 2 . The experimental conditions, e.g. total pressure, flash intensity, and OCS pressure, were varied over a wide range at two temperatures, 298' and 4170K, to test for possible kinetic problems due to secondary reactions. Also, to demonstrate that possible product build-up was not important, the number of flashes per gas filling was varied in static experiments and several experiments were performed with the gas mixture flowing slowly through the reaction cell.
The uncertainties (2 x std. dev.) in the data at 2980 and 417"K were about + 10O ; and thus, there is no evidence of serious complications in the kinetics. The bimolecular rate constant, k 1 , is plotted in Figure 5 vs. 1/T over the temperature range 2630 to 5020K to obtain the following Arrhenius expression:
The uncertainties in A and Eact for reaction (1) given above are the standard errors 2 1 which were calculated from a weighted least squares treatment of the data.
In the present study of reaction(l), carbonyl sulfide as well as Table 3 . The reaction and/or deactivation of S( 1 D) with 02 was omitted since no data on this system appears to exist. It is evident that under conditions of these experiments both 0( 1 D) and S( 1 D) are preferentially deactivated to the ground state as opposed to reacting to form products. In the case of S( 1 S), however, deactivation and reaction may be of comparable probability depending on the relative modes involved in collisions with OCS and 02.
Yet, it is doubtful that the reaction of S(lS) with OCS is of significant importance in the present study since reaction (5)
would probably have been followed by reaction (10),
This sequence, reaction (5) followed by (10), would probably have resulted in a flash intensity dependence on k 1 , but no kinetic complication of this type was observed. Finally, the rapid reaction of S(3p) with 02 is found to lead to a very short lifetime for atomic sulfur in the present system. From a consideration of the above discussion, it may be concluded that when kinetic observations of O( 3 P) were delayed for 200-300 usec after the flash, the only species of kinetic importance was ground state atomic oxygen.
The available rate parameters for the reaction, 0( 3 P) + OCS, are summarized in Table 4 Table 4 are seen to fall essentially into two groups. Despite minor differences, the value of k, determined in the present study appears to agree well with the values obtained by Westenberg 4 and Heicklen 6 and Timmons. 3 7 This agreement in the value of k, obtained using three widely different An explanation for this discrepancy is not evident, especially since Westenberg and deHaas performed a careful examination of the stoichcoimetry factor (n) for reaction (1) in their system and concluded that n = 1.0 over a wide temperature range. Yet, these authors did note that curvature of the O-atom decay rate was observed occasionally at long decay times. This might indicate that some minor complicating secondary reaction(s) occurred in their system.
In conclusion, the results of the present study using the flash photolysis-resonance fluorescence technique confirm the value of 4300 + 200 cal/mole for the activation energy of reaction (1). A small discrepancy in the preexponential factor for the 0( s P) + OCS reaction has not been resolved conclusively but the evidence would seem to support the value reported here (1.65xlO-llcPmolec-ls-1). 
